INTRODUCTION
Biologic treatments have noticeably changed the way rheumatoid arthritis (RA) and some other inflammatory autoimmune diseases are treated. These innovative drugs are now recommended as second-line therapy for the treatment of moderate-to-severe RA after failure of conventional disease-modifying anti-rheumatic drugs (DMARDs), such as methotrexate (MTX). Some of these innovative drugs are also prescribed to adult patients with severe, active and progressive disease not previously treated with MTX or other DMARDs as a first-line therapy. [1] [2] [3] [4] [5] [6] However, they are associated with high procurement costs and considerably increase the direct costs of RA and the economic burden on the healthcare system. [7] [8] [9] [10] Infliximab-a biologic treatment indicated in rheumatology and chronic inflammatory bowel diseases-has proven efficacy and safety. It is the first monoclonal antibody for which a biosimilar drug has been commercialised and was recently launched in France in February 2015.
Biosimilars are 'copies' of authorised biological drugs whose patents have expired. These complex molecules are very similar but not absolutely identical to the reference products, in particular because of differences in production and purification processes. 11 The European Medicines Agency (EMA) issued guidelines on similar biological medicinal products in 2005, and specific updates for biosimilar drugs containing monoclonal antibodies in 2012, describing all conditions to be met for a new drug to be approved as a biosimilar drug. 12 13 One of the fundamental requirements for assessing biosimilarity is that there are no meaningful differences between the biosimilar and the originator drug in terms of quality, safety and efficacy. To comply with these requirements, biosimilar drugs undergo rigorous characterisation, as was done for the biosimilar infliximab. In PLANETRA, a phase 3 clinical trial, a biosimilar infliximab (CT-P13) and originator infliximab were shown to be equivalent in terms of clinical efficacy as measured by ACR20 (American College of Rheumatology 20) response criteria at week 30 in RA patients with inadequate response to MTX.
14 In addition, a meta-analysis in 2014 demonstrated there was no significant difference in terms of response and safety between biosimilar infliximab and originator infliximab and other available biological drugs (abatacept, adalimumab, certolizumab, etanercept, golimumab, rituximab and tocilizumab) for the treatment of RA. 15 Recent market approval of biosimilar infliximab could lead to substantial cost savings. Several reviews have emphasised potential cost savings from the use of biosimilars, 16 17 and some budget impact analyses were performed to quantify these cost reductions. Haustein et al showed that the use of biosimilars in Europe was expected to result in overall cost savings of €11.8 billion to €33.4 billion between 2007 and 2020, and of €2.9 billion to €6.3 billion in France only. 18 Other studies have looked at biosimilar infliximab across all indications or restricted to RA, and included a discount rate as part of their assessments. All were based on theoretical models which were specifically designed to evaluate the financial impact. [19] [20] [21] [22] [23] A study was previously conducted to describe and compare costs related to inpatient and outpatient care of RA patients treated with biotherapies in 2012 in Alsace. This observational study was carried out in a real-life setting with the use of health claims data, and showed that inpatient care with originator infliximab infusion in hospitals was more expensive than outpatient care with the administration of subcutaneous drugs at home, for example, adalimumab or etanercept (€16 480 vs €14 116 and €14 338, respectively). 24 It seemed important to re-evaluate this study in light of recent data related to biosimilar infliximab.
Objective
In light of the great changes in biologic therapy that occurred in 2015 with the introduction of biosimilar infliximab, we aimed to assess the potential for cost savings associated with the use of biosimilar infliximab to treat RA patients in Alsace and in France.
METHOD
The analysis was based on a previously conducted study aimed at estimating the annual cost of care with biological therapies of adult RA patients' in 2012 in Alsace. This observational study was carried out using real-life use and cost data from the health insurance claims databases DCIR (Données de Consommation Inter-Régimes) and PMSI (Programme de Médicalisation des Systèmes d'Information). The viewpoint of the study was that of the French National Health Insurance CNAMTS (Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés). 24 
Costs
The annual average costs to treat RA patients were calculated, taking into account the decrease in retail prices between 2012 and 2015, as given in the official national price list (table 1) , and local price negotiations for biosimilar infliximab. All costs were quoted exclusive of value added tax (VAT). The negotiated price for biosimilar infliximab (Inflectra) was €269.33, corresponding to a discount of -38.0% compared to the national retail prices for originator infliximab and biosimilar infliximab, which were the same. This local price was obtained by the French UniHA joint purchasing organisation in February 2015, and was applied to all hospitals in the region. UniHA has not obtained negotiated prices for adalimumab (Humira), etanercept (Enbrel) or originator infliximab (Remicade). We validated this information by searching for negotiated prices in the PMSI (Programme de Médicalisation des Systèmes d'Information) database, the main source of information on hospital activity and associated expenditure in France. For comparison, the official retail prices (exclusive of VAT) for adalimumab, etanercept, originator infliximab and biosimilar infliximab in the UK, Germany, Spain and Italy are given in table 2.
The percentage reduction was applied to the 2012 RA patients' dataset, thereby enabling the annual average biotherapy cost for a single RA patient to be estimated, and the average cost for annual RA patient care. The latter included the cost of biotherapy acquisition and direct medical and non-medical costs for hospitalisation, consultation with a general practitioner or specialist, subcutaneous injections administered at home by nurses (in case of treatment with adalimumab or etanercept), laboratory tests, radiology examinations and physiotherapy, and transport expenses. These costs were detailed in our previous study. 24 Costs for transport, laboratory tests and hospitalisation were greater for infliximab than for adalimumab and etanercept (representing 29.0% of the total cost of RA patient management versus 7.9% for adalimumab and 9.9% for etanercept). Costs for biotherapy acquisition were higher for subcutaneous biotherapies (representing 82.4% of total costs for adalimumab and 79.8% for etanercept versus 62.8% for infliximab). Dosing was assumed to be the same for the originator infliximab and biosimilar infliximab, as well as efficacy, side effects and drug monitoring. Only drug acquisition costs were considered to change, with all other direct costs assumed to be the same for originator infliximab and biosimilar infliximab.
Annual cost savings were then estimated in 2015 prices, according to different biosimilar scenarios for possible biosimilar infliximab uptake rates. The savings shown are entirely due to the lower negotiated price for the biosimilar drug compared to the current prices for the originator infliximab and other biological drugs. They do not reflect the significant decrease in the originator infliximab retail price since 2012. 
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Biosimilar scenarios
Four different scenarios were described: a baseline scenario corresponding to the situation in 2012 when biosimilar infliximab
was not yet available and all adult RA patients were treated with originator infliximab, and three biosimilar scenarios corresponding to different rates of uptake of biosimilar infliximab. These scenarios are as follows ( figure 1 -Biosimilar scenario 3a: 30% of patients currently treated with the originator infliximab are switched to its biosimilar -Biosimilar scenario 3b: 50% of patients currently treated with the originator infliximab are switched to its biosimilar -Biosimilar scenario 3c: 80% of patients currently treated with the originator infliximab are switched to its biosimilar.
Patient population
The size of the patient' population with RA was estimated from our previous study, as well as the ratio of patients eligible for biological therapy. 24 Those patients were defined as residing and being insured in Alsace under the general scheme managed by CNAMTS. They were at least 20 years of age or older and had RA classified as long-term disease no. 22 belonging to the French long-term diseases list for which CNAMTS provides 100% health insurance coverage. There were 5702 RA patients in Alsace in 2012, of whom 1075 (ie, 18.85%) were receiving biotherapy treatment. Of these patients, 10.9% were treated with the originator infliximab, 26.4% with adalimumab and Original article 28 .8% with etanercept, with no switching in 2012. 24 The number of new RA patients in 2012 was estimated to be 651 in Alsace and 17 323 in France, according to published incidence data on patients with RA classified as having long-term disease no. 22. 25 We calculated the number of new patients who would likely be treated with biosimilar infliximab under 2012 prescribing practice. National extrapolations of savings and new patients who could be treated were calculated according to the following demographic information: 1 861 020 inhabitants of Alsace and 65 542 916 inhabitants of France. 26 
Outcomes
The primary outcomes of the study were the annual cost savings resulting from the introduction of biosimilar infliximab under different scenarios, and the number of additional patients who could be treated for 1 year with biosimilar infliximab, if all cost savings were used for this purpose. Microsoft Excel 2007 and R V.3.1.0 were used for calculations. The average annual costs per patient treated with adalimumab, etanercept, originator infliximab and biosimilar infliximab were compared using the Mann-Whitney U test. A p value below 0.05 was considered to be statistically significant.
RESULTS
Updated costs to manage RA patients
The 2015 costs for managing RA patients, calculated according to the 2015 updated prices (national retail prices and local biosimilar infliximab negotiated price) are presented in table 3. The cost of biosimilar infliximab was very low compared to originator infliximab, etanercept and adalimumab, so that it involved a reversal in the distribution of annual average costs for RA patient care: inpatient care with biosimilar infliximab infusion in a hospital was significantly less expensive than outpatient care at home with subcutaneous adalimumab ( p<0.01, Mann-Whitney U test after matching based on age groups) or subcutaneous etanercept ( p<0.01, Mann-Whitney U test). The average annual costs of adalimumab and etanercept treatment were not significantly different from each other ( p=0.18, Mann-Whitney U test).
Annual savings according to the different biosimilar scenarios
In biosimilar scenario 1 (switching all patients from originator infliximab to biosimilar infliximab), the introduction of biosimilar infliximab could lead to substantial annual cost savings of up to €13.6 million nationally. Only treating infliximab-naïve RA patients with biosimilar infliximab (biosimilar scenario 2) could result in significant savings especially if patients who would have been treated at home with subcutaneous biotherapies were treated in hospital with the biosimilar drug. Similarly, there would be a greater reduction in cost if originator infliximab were replaced with its biosimilar (biosimilar scenario 3) (table 4) . If the costs saved nationally were used to treat additional patients, under the different scenarios 115-1141 new patients could be treated for 1 year with biosimilar infliximab (table 5). In the optimal scenario, the savings would enable 32 out of 651 (4.9%) new RA patients in Alsace to be treated, and 1141 out of 17 323 (6.6%) patients nationally to be treated.
DISCUSSION
This study aimed to estimate cost savings associated with the introduction of biosimilar infliximab for RA patients in Alsace and in France, in a real-life setting through the use of health claims databases. We demonstrated a possible annual cost saving of €13.6 million at a national level if all adult patients with RA treated with originator infliximab switched to the biosimilar drug. The resulting cost savings could be used to treat an extra 1141 patients.
Some authors have previously estimated the cost savings that would accrue from the introduction of biosimilar infliximab. [19] [20] [21] [22] [23] Their financial analyses are not comparable with our study due to 
*Direct medical and non-medical costs include hospitalisation, visits to physicians (general practitioner or specialist), nurse visits, laboratory tests, radiology examinations, physiotherapy and transport expenses.
differences in methodology and in settings, but the conclusions are similar. For example, the study by Brodszky et al showed that the introduction of biosimilar infliximab in six Central and Eastern European countries could lead to substantial cost saving of €15.3 million to €20.8 million over a 3-year period, depending on the scenario envisioned. 19 In 2015, Jha et al 20 considered the impact over 1 year of the introduction of biosimilar infliximab in five European countries for the treatment of inflammatory autoimmune diseases (RA, ankylosing spondylitis, Crohn's disease, ulcerative colitis, psoriasis and psoriatic arthritis) and showed cumulative cost saving of €77.37 million with a 30% discount. Another study carried out by Kim et al found total 5-year savings of €96 million to €433 million for the management of RA across the UK, Italy, France and Germany. 23 The main advantage of our study is that the retail price of biosimilar infliximab and its negotiated price were available at the time of the analysis, unlike other studies that had to estimate the discount rate. 19 20 Such information was key since the negotiated biosimilar price was the main factor influencing the financial impact. Although the French price of the originator infliximab (Remicade) and biosimilar infliximab (Inflectra) are currently the same (€434.40), cost savings can be made through cost negotiation. Indeed, hospitals belonging to UniHA obtained a 38% lower negotiated price for Inflectra (€269.33 vs €434.40). This additional discount leads to tangible cost savings. Furthermore, real-life figures on the number of RA patients and number of vials of infliximab used to treat each patient in Alsace were supplied from a previous study, and so avoided estimations on the prevalence of the disease, the patients' weight and the dosage prescribed. 24 Nevertheless, our analysis has some limitations, mainly due to the assumptions we had to make. In scenario 2b, the study did not consider patients who switched from a biotherapy other than infliximab, adalimumab or etanercept (eg, abatacept, certolizumab, golimumab, rituximab, tocilizumab or anakinra) to the biosimilar infliximab or patients who switched from one biotherapy to another within a year. Patients were regarded as being treated for a full year with biosimilar infliximab without considering the progressive transition from a previous biotherapy to the biosimilar infliximab, or initiation of biosimilar treatment in a biotherapy-naïve patient at any time during the year. We also assumed prescribing practices were the same in both Alsace and the rest of France (number of RA patients under biological therapy, percentage of patients treated with originator infliximab, adalimumab and etanercept) in order to extrapolate cost savings to a national level.
Our results reflect various possible scenarios and should be interpreted with caution, as framing recommendations for biosimilar interchangeability and/or substitution are outside the remit of the EMA and differ according to the national competent authority in each European Union member state. 27 Indeed, in France, biosimilar treatment is only currently recommended in biologic-naïve patients, and the French regulatory framework is still pending. Prescribers still have to consider whether it is appropriate to start a new treatment with a biosimilar or to switch from the originator to the biosimilar drug.
The study focused on RA, but many other medical fields are or will be involved in the future (eg, biosimilar insulins in diabetes or biosimilar trastuzumab, bevacizumab or cetuximab in oncology). Biosimilar infliximab is just one example of many other biosimilar drugs that will soon become available and so this study reflects only some of the total cost saving that will be achievable. 18 28-30 
CONCLUSION
The study showed the beneficial financial impact of introducing biosimilar infliximab for the treatment of adult RA patients in Alsace and in France. Such savings can contribute to improved patient care through the reallocation of budgets so that more patients can be treated and affordable treatment accessed by more patients. As infliximab is exclusively reserved for hospital use, a gradual change from outpatient to inpatient care is likely to occur, until the arrival of subcutaneous biosimilars which can be administered at home. This paradigm shift must be taken into account as regards the organisation and development of day hospital services.
Key messages
What is already known on this subject ▸ Biologic treatments are highly effective for the treatment of rheumatoid arthritis, but are very expensive and significantly increase the economic burden associated with this disease. ▸ Biosimilar drugs are cheaper, very similar 'copies' of biological drugs whose patents have expired, and have equivalent quality, safety and efficacy. ▸ Some budget impact analyses based upon the discounted rate of the biosimilar and using theoretical statistical models only, have demonstrated the cost saving potential of using biosimilar infliximab.
What this study adds ▸ The present study demonstrates a positive financial impact from the introduction of biosimilar infliximab for the treatment of adult patients with rheumatoid arthritis in Alsace and in France. ▸ Such savings can benefit overall patient care by allowing more patients to be treated without more money being spent. 
